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(39) Induction optimization was carried for Xenopus as describe 
below (see 

also Example 2, infra, for further optimization experiments). 
Xenopus ^ s 
erythrocyte nuclei were isolated and pretreated with lysolecithin and 
trypsin £ — 
as described in Example 2 (described below) . An activating egg 
extract was 

prepared from hardened eggs which were induced for 10 minutes as 
described 

above. Both the activating egg extract and the pretreated nuclei 
were kept on 

ice (about 4. degree. C). The activating egg extract was 
supplemented with 1 

mM ATP (not used in the other examples described herein) , 10 .mu.g/ml 
creatine 

phosphokinase, 10 mM creatine phosphate, 10 .mu.Ci P. sup. 32 -dCTP and 
combined 

with pretreated nuclei (about 200 nuclei/ .mu. 1) . Individual aliquots 
containing activated nuclei were shifted from 4. degree. C. to 
2 5. degree. C. 

Cycloheximide to a concentration of 100 .mu.g/ml was added to the 
individual 

aliquots at different times. The aliquots were then incubated at 
25 . degree . 

C. for a total time, including the time at 25. degree. C. before 
addition of 

cycloheximide, of 60 minutes. After 60 minutes, P. sup. 32 -dCTP 
incorporation 

into newly synthesized DNA was determined. 
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(23) Preferably, nuclear isolation and pretreatment to release a 
nucleus from 

its surrounding cytoskeleton thereby forming a pretreated nucleus is 
carried 

out in two steps; (1) membrane permeabilization, and (2) separation 
or 

alteration (e.g., denaturation or degradation ) of cytoskeletal 
proteins and 

nuclear matrix proteins. These steps may be carried out 
simultaneously or 

separately. Formation of a pretreated nucleus is preferably carried 
out under 

conditions minimizing nucleic acid damage and damage to histones. 

(24) Membrane permeabilization, opens up the membrane thereby 
facilitating 

subsequent nuclear treatment. Different techniques may be used for 
membrane 

permeabilization including hypotonic shock, shearing and detergent. 
Preferably 

a non-ionic detergent is used to permeabilize the plasma and nuclear 
membranes . 

More preferably, lysolecithin is used as the non-ionic detergent. 

(25) Different procedures can be use to separate, denature, and 
degrade the 

cytoskeletal proteins surrounding the nucleus and nuclear matrix 
proteins 

within the nucleus. These procedures include the use of a thiol 
reducing agent 

to denature nuclear protein, using controlled salt extraction to 
selectively 

remove cytoskeletal and nuclear matrix proteins, and using controlled 
poly-anionic treatment to facilitate separation of negatively charged 
nucleic 

acid from the positively charged nuclear proteins. Separation 
conditions 

should be chosen to ensure a minimal amount of damage to nucleic 
acids, 

histones, and non-cytoskeletal proteins. Preferably, a protease is 
used under 

mild conditions to remove cytoskeletal proteins surrounding the 
nucleus. More 

preferably, trypsin is used as the protease. In^JJie-^o^£_^ re f erred 
embodiment , 

pretreatment is achieved using trypsin an^ lysolecithin. 
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Ungulate 

From Wikipedia, the free encyclopedia 

Ungulates (meaning roughly "hoofed" or "hoofed animal") are 
mammals that use the tip of their toes, usually hoofed, to 
sustain their whole bodyweight while moving. They make up 
several orders of mammals, of which six to eight survive. 
There is some dispute as to whether ungulate should be 
treated as an actual cladistic (evolution-based) group, or 
merely a phenetic group (similar, but not necessarily related), 
in light of the fact that all ungulates do not appear to be as 
closely related as once believed (see below). Ungulata was 
formerly considered an order which has been split into 
Perissodactyla and Artiodactyla. Members of these two orders 
are called the ? true ungulates' to distinguish them from 
'subungulates' (paenungulata) which include members from 
the Proboscidea, Sirenia, and Hyracoidea orders.^ 



Contents 



1 Relationships 

2 Recent developments 

3 See also 

4 References 




Relationships 



The Perissodactyla and Artiodactyla make up the largest 
portion of ungulates, and also comprise the majority of large 
land mammals. These two groups first appeared during the late 
Paleocene and early Eocene (about 54 million years ago), 
rapidly spreading to a wide variety of species on numerous 
continents, and have developed in parallel since that time. 

Although whales and dolphins (Cetacea) do not possess most 
of the typical morphological characteristics of ungulates, 
recent discoveries have suggested that they are likely 
descended from early artiodactyls, and thus are directly related 
to other even-toed ungulates such as cattle and hippopotami. 
As a result of these discoveries, a new order of Cetartiodactyla 
has also been proposed to include the members of Artiodactyla 
and Cetacea, to reflect their common ancestry; however, 
strictly speaking, this is not necessary, as it is possible simply 
to recognize Cetacea as a subgroup of Artiodactyla. 

The Hyracoidea, Sirenia and Proboscidea are the 
Paenungulata. The Tubulidentata are also thought to be 
ungulates. The Macroscelidea have been interpreted as 



Ungulates 
Fossil range: Late Cretaceous - Recent 



Llamas such as this, which have two toes, are 
artiodactyls — "even toed" ungulates 



Scientific classification 



Kingdom: Animalia 
Phylum: Chordata 
Class: Mammalia 
Infraclass: Eutheria 
(unranked) Ungulatomorpha 
Superorder: Ungulata 



Orders & Clades 



Order Perissodactyla 
Eparctocyona 

■ Order Arctostylopida (extinct) 

■ Order Mesonychia (extinct) 

■ Cetartiodactyla 

■ Order Cetacea 

■ Order Artiodactyla 

■ Bulbulodentata (extinct) 

■ Family Hyopsodontidae 

■ Meridiungulata (extinct) 

■ Order Litopterna 

■ Notoungulata 
(extinct) 

■ Order 
Toxodontia 

■ Order 

Typotheria 
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ungulates, and there is dental as well as genetic evidence 

supporting this interpretation. The Macroscelidea and Tubulidentata have recently been united with the 
Paenungulata in the Pseudungulata. Genetic studies indicate that these animals are not closely related to the 
artiodactyls and perissodactyls. Instead, the closest relatives of pseudungulates are the Afrosoricida; the 
Pseudungulata and Afrosoricida make up the Afrotheria. 

Ungulate groups represented in the fossil record include the embrithopods, demostylians, mesonychids, 
"condylarths" and various South American and Paleogene lineages. 

In addition to hooves, most ungulates have developed reduced canine teeth, bunodont molars (molars with low, 
rounded cusps), and an astragalus (one of the ankle bones at the end of the lower leg) with a short, robust head. 

Ungulates diversified rapidly in the Eocene, but are thought to date back as far as the late Cretaceous. Most 
ungulates are herbivores, but a few are omnivores or even predators: the Mesonychia and whales. 

Recent developments 

That these groups of mammals are most closely related to each other has occasionally been questioned on 
anatomical and genetic grounds. Molecular phylogenetic studies have suggested that Perissodactyla and 
Cetartiodactyla are closest to Carnivora and Pholidota rather than to the Pseudungulata. 

The Pseudungulata are by some scientists united with the Afrosoricida in the cohort or super-order Afrotheria 
based on molecular and DNA analysis. This means they are not related to other ungulates. 

The extinct South-American ungulates, evolved when the continent was in isolation, are united in the super-order 
Meridiungulata. They are by some thought to be unrelated to the other ungulates. Instead, they are united with the 
Afrotheria and the Xenarthra in the supercohort Atlantogenata. 

The position of other extinct ungulates is unclear. Embrithopods, Desmostylians and other related groups are seen 
as relatives of the Paenungulata, thus members of the Afrotheria. The condylarths are, as a result, no longer seen 
as the ancestors of all ungulates. Instead, it is now believed the condylarths are members of the cohort 
Laurasiatheria. So it seems that, of all the ungulates, only the Perissiodacyla and Artiodactyla descended from the 
condylarths — assuming that the animals lumped by scientists into Condylarthra over the years are even related to 
one another. 

As a result of all this, it seems the typical ungulate morphology originated three times independently: in the 
Meridiungulata, the Afrotheria and the "true" ungulates in the Laurasiatheria. A great example of convergent 
evolution. This is met with scepticism by some scientists, who say there is no morphological evidence to split the 
ungulates up into so many unrelated clades. 

See also 

■ Even-toed ungulate 

■ Odd-toed ungulate 

References 
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Bovinae 



From Wikipedia, the free encyclopedia 
(Redirected from Bovine) 

The biological subfamily Bovinae (or bovines) includes a diverse 
group of about 24 species of medium-sized to large ungulates, 
including domestic cattle, Bison, the Water Buffalo, the Yak, and the 
four-horned and spiral-horned antelopes. The evolutionary 
relationship between the members of the group is obscure, and their 
classification into loose tribes rather than formal sub-groups reflects 
this uncertainty. General characteristics include a cloven-hoof and 
usually at least one of the sexes of a species having a true horn. 

The Boselaphini or four-horned antelope tribe are the last survivors 
of a form very similar to that of the ancestors of the entire subfamily. 
Both species have relatively primitive anatomical and behavioural 
characteristics and the females have no horns. They are native to the 
rapidly diminishing forests of India, and tend to avoid open plains. 
The Nilgai has been introduced into southern Texas where a 
population of a little under 10,000 animals provides some long-term 
insurance for its survival. 

The Bovini tribe is made up of large to very large grazers, including 
large animals of great economic significance to humans in Domestic 
Cattle, Water Buffalo, and the Yak, as well as smaller Asian relatives, 
and large free-roaming bovids in the African Buffalo and the 
American Bison. 



Bovinae 



Water Buffalo 



Scientific classification 



Kingdom: 

Phylum: 

Class: 

Order: 

Family: 



Animalia 

Chordata 

Mammalia 

Artiodactyla 

Bovidae 



Subfamily: Bovinae 
Gray, 1821 



Tribes 



Bovini 
Boselaphini 
Strepsicerotini 



Where the Boselaphini and Bovini are mostly Asian, members of the 
Strepsicerotini tribe, the spiral-horned antelopes, are found only on 
the continent of Africa. This group tends to large size, a lighter build, longer necks and considerable sexual 
dimorphism. Seven of the 9 species are of conservation concern, being classified as lower-risk, conservation 
dependent, the remaining two, the Common Eland and the Giant Eland are secure. 

In most countries, bovines are used for food. Cows are eaten almost everywhere, except in India where bovines 
are considered sacred by most Hindus. Some of the largest cattle breeding areas in the United States are Montana, 
Nebraska, Oklahoma and Texas. 



■ FAMILY BOVIDAE 

■ Subfamily Bovinae 

■ Tribe Boselaphini 

■ Genus Tetracerus 

■ Four-horned Antelope, Tetracerus quadricornis 
m Genus Boselaphus 

■ Nilgai or Blue Bull (not to be confused with the extinct Bluebuck), Boselaphus 
tragocamelus 

■ Tribe Bovini 

■ Genus Bubalus 

m Water Buffalo, Bubalus arnee 

■ Lowland Anoa, Bubalus depressicornis 
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■ Mountain Anoa, Bubalus quarlesi 
m Tamaraw, Bubalus mindorensis 

■ Genus Bos 

■ Aurochs, Bos primigenius (extinct) 

■ Banteng, Bosjavanicus 

■ Gaur, Bos gaurus 

■ Gayal, Bos frontalis (Domestic gaur) 

■ Yak, Bos mutus 

■ Domestic Cattle, Bos taurus, Bos indicus (today often counted as B. 
primigenius) 

■ Kouprey, Bos sauveli 

■ Genus Pseudoryx 

■ Saola, Pseudoryx nghetinhensis 

■ Genus Syncerus 

■ African Buffalo, Syncerus coffer 

■ Genus Bison 

■ American Bison, Bison bison 

■ Wisent, Bison bonasus 

m Steppe Wisent, Bison priscus (extinct) 
■ Tribe Strepsicerotini 

■ Genus Tragelaphus 

■ Sitatunga, Tragelaphus spekeii 

■ Nyala, Tragelaphus angasii 

■ Bushbuck, Tragelaphus scriptus 

■ Mountain Nyala Tragelaphus buxtoni 

■ Lesser Kudu, Tragelaphus imberbis 

■ Greater Kudu, Tragelaphus strepsiceros 

■ Bongo, Tragelaphus eurycerus 
m Genus Taurotragus 

■ Common Eland, Taurotragus oryx 

■ Giant Eland, Taurotragus derbianus 

■ Subfamily Cephalophinae: duikers, 19 species in 2 genera 

■ Subfamily Hippotraginae: grazing antelopes. 23 species in 1 1 genera 

■ Subfamily Antilopinae: gazelles, dwarf antelopes and the Saiga, 38 species in 14 genera 

■ Subfamily Caprinae: sheep, goats, Musk Ox and allies 

■ Subfamily Panthalopinae: Chiru 

The term "bovine," in some cultures, is considered extremely vulgar when used as an insult (i.e., "You bovine!"). 

See also 

■ Bovid hybrid 

■ Geier Hitch 

References 
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Table 2. Effect of prior incubation upon LDH 
activity, as judged by the tetrazotium and 
DPN reduction methods. The indicated reac- 
tion components were incubated at 37°C for 
8 minutes before addition of the remaining 
components. Control reactions were assayed 
with no prior incubation. Concentration of 
both DDT and heptachlor was 1 X KH 
mole/liter. 



Inhibition (%) 



Prior incubation mixture 


Tetra- 
zolium 


DPN 


Enzyme -f DPN + DDT 


100 


100 


Enzyme + substrate -f- DDT 


100 


100 


DPN + DDT 


0 


0 


Substrate + DDT 


0 


0 


Enzyme + DDT 


100 


100 


Enzyme + DPN + 






heptachlor 


100 


100 


Enzyme + substrate + 






heptachlor 


100 


100 


DPN + heptachlor 


0 


0 


Substrate -f- heptachlor 


0 


0 


Enzyme -f heptachlor 


100 


100 



When the effect of chlorinated hydro- 
carbons upon lactate dehydrogenase was 
investigated, certain anomalies were 
noted, and I now report on their effect 
upon the data obtained from enzyme 
reactions in the presence of various 
pesticidal chemicals. 

Lactate dehydrogenase activity was 
determined by the tetrazolium salt re- 
duction method (7) and by the direct 
photometric measurement of DPN re- 
duction at 340 m/i. Stock solutions of 
all pesticides (5) were prepared in 
isopropyl alcohol. 

Except where otherwise noted, all re- 
actions were carried out in a water 
bath at 37°C. After 20 minutes, the 
reactions were stopped by the addition 
of 0.5 ml of 0.5N HC1, and the optical 
density at 540 m^ was measured with 
a Bausch and Lomb Spectronic 20 
colorimeter. In the control tubes the 
enzyme was added immediately before 
addition of the HC1. 

The stimulation of LDH activity by 
the various chlorinated hydrocarbon 
compounds is observed when the tetra- 
zolium reduction assay is used (Table 
1). However, when the reaction is as- 
sayed by direct measurement of DPN 
reduction, a small inhibition of the re- 
action is noted. 

Ceresan M inhibits the activity of 
LDH. The Ceresan M inhibition can 
be prevented by the addition of 2- 
mercaptoethanol to the reaction mix- 
ture. This, as well as the composition 
of the compound, suggests that the in- 
hibition is due to the reaction of essen- 
tial sulfhydryl groups with Ceresan M 



Although Table 1 indicates either a 
pronounced stimulation or a slight in- 
hibition of LDH activity, depending 
upon assay method, Table 2 shows that 
prior incubation of either DDT or 
heptachlor with the enzyme results in 
severe inhibition. In addition, the in- 
clusion of either substrate or DPN in 
the prior incubation mixture had no ef- 
fect upon the observed inhibition. 

These data indicate that the ap- 
parent stimulation of LDH activity by 
DDT and heptachlor when assayed by 
tetrazolium reduction is a result of in- 
terference with the mechanism of for- 
mazan production rather than a result 
of stimulation of enzyme activity. When 
the reaction is assayed by DPN reduc- 
tion, there is no stimulation by either 
DDT or heptachlor. On the other hand, 
when DDT or heptachlor is incubated 
with LDH prior to addition of sub- 
strate, there is a complete inhibition of 
enzyme activity regardless of the meth- 
od of assay. Thus DDT and heptachlor 
are capable of inhibiting the activity 
of LDH, although this is not apparent 
when the tetrazolium reduction assay 
is used without modification through 
prior incubation with an inhibitor. 

The stimulation, attributed to an arti- 
fact, observed with the tetrazolium re- 
duction method was further investi- 
gated by allowing the LDH reaction to 
proceed for 20 minutes in the presence 
of 1 X 10-W DDT. The reactions 
were stopped as usual with HC1, and 
the DDT was removed by extraction 
with petroleum ether. The DDT in the 
extract was determined by means of 
gas chromatography (10) with an elec- 
tron-capture detector. Only 60 percent 
of the added DDT could be recovered 
in the extracts. Control extractions were 
carried out by analysis of water solu- 



tions of DDT in the same manner. 
The controls showed 100 percent re- 
covery of DDT; These data suggest 
the possibility that DDT forms a com- 
plex with a component of the reaction. 
Furthermore, when the concentration 
of iodophenylnitrophenyl tetrazolium 
chloride (INT) was doubled, only 40 
percent of the added DDT could be 
recovered. While such data are not 
definitive, these results suggest the pos- 
sibility of complex formation, perhaps 
with the INT. 

The inhibition of various enzyme sys- 
tems by chlorinated hydrocarbon com- 
pounds has been investigated frequent- 
ly, and the results of such investiga- 
tions have often been inconsistent and 
have led to considerable confusion. 
Therefore, the methods used for the 
determination of enzyme activity should 
be thoroughly evaluated before use in 
assay of enzymatic reactions involving 
chlorinated hydrocarbons. 

Carl R. Sova 
Southwest Water Laboratory, Federal 
Water Pollution Control 
Administration, Athens, Georgia 
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Nuclei from Rat Liver: Isolation Method That 
Combines Purity with High Yield 

Abstract. A procedure is described that gives almost quantitative separation 
of clean nuclei from a homogenate of rat liver. It is a modification of methods 
that use concentrated sucrose solutions rather than citric acid or detergents and, 
therefore, permits further quantitative fractionation of cytoplasmic components. 

A recent review (/) has compared of nuclei in the homogenate were re- 
various methods for the preparation covered, but preparations also con- 
of nuclei from rat liver, which has tained 12 to 14 percent of cellular 
usually been done by a series of dif- RNA (2). Introduction of more con- 
ferential centrifugations in isotonic centrated sucrose solutions (2.2M) by 
sucrose. Approximately 100 percent Chauveau et ah (3) permitted recovery 
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Table 1. Amounts of DNA and RNA in rat liver homogenate and in the nuclei Values given 
are from 1.0 ml of homogenate (33 percent by weight and volume) and in the nuclear pellet 
isolated from it (details as described in the text). Mean values given in footnotes are + 
standard error of the mean. 



Rat 
No. 




DNA in 




RNA in 




RNA/ 
DNA 

in 
homog- 
enate t 


RNA/ 
DNA 

in 
nuclear 
pellet § 


Homog- 
enate 
(mg) 


Nuclear 
pellet 
(mg) 


Nuclear 
pellet 
(%)• 


Homog- Nuclear 
enate pellet 
(mg) (mg) 


Nuclear 
pellet 
(%)t 










Animals fasted 








1 


1.230 . 


1.109 


90.1 


2.62 0.118 


4.50 


2.13 


0.106 


2 


1.260 


0.965 


76.6 


3.01 .108 


3.58 ' 


2.39 


.111 


3 


1.440 


1.330 


92.4 


3.07 .143 


4.65 


2.13 


.107 










Animals fed 








4 


0.815 


0.770 


94.4 


2.30 0.095 


4.12 


2.82 


0.124 


5 


.890 


.857 


96.3 


2.40 .112 


4.65 


2.70 


.130 


6 


. .880 " 


.857 


97.4 


2.60 .107 


4.13 


2.95 


.125 



• Mean for fasted and fed animals, 91 ± 3. t Mean for fed animals, 4.3 ± 0.2. t Mean fot 
fasted animals, 2.22 ± 0.09; for fed animals, 2.82 ± 0.07. § Mean for fasted animals, 0.108 ±. 0.002; 
for fed animals, 0.126 ±0.002. 



of 45 to 55 percent of the nuclei 
after only one centrifugation; nuclear 
RNA represented only 6 to 7 percent 
of total cellular RNA and was the 
smallest proportion to be reported up 
to that time. Electron micrographs 
showed these nuclei to be intact. De- 
crease in RNA content was at- 
tributed to decreased contamination 
with cytoplasmic RNA (presumably 
the endoplasmic reticulum, with its 
attached ribosomes, which is continu- 
ous with the outer nuclear membrane). 
Removal of the. endoplasmic reticulum 
is thought to be achieved through a 
shearing effect. The density of Chau- 
veau's sucrose solution is intermediate 
between the higher density of nuclei 
and the lower density of endoplas- 
mic reticulum. Thus, when centrifugal 
force is applied, nuclei tend to move 
down through the solution while en- 
doplasmic reticulum moves upward, 
and attached fragments of the endoplas- 
mic reticulum are stripped from the 
nuclei, leaving the outer nuclear mem- 
brane relatively intact. 

The Chauveau method can result 
in some degree of cytoplasmic con- 
tamination, however, since the sample 
is initially distributed evenly through- 
out the tube. Those particles with a 
density equal to or higher than that 
of nuclei (that is, free ribosomes) and 
which are initially near the bottom 
of the tube will sediment into the pel- 
let with nuclei. Furthermore, nuclei 
initially near the bottom of the tube 
will sediment so rapidly that the shear- 
ing action will be minimal. 

In a study of the Chauveau proce- 
dure by Maggio, Siekevitz, and Palade 
(4), a slight but definite contamination 
was shown. This contamination could 
be eliminated by layering a homoge- 
nate in 0.8 8M sucrose medium over 
2.2Af sucrose imedium. The yield, 
however, was reduced to 25 to 30 
percent of the total nuclei because 
of an accumulation of endoplasmic 
reticulum and mitochondria at the in- 
terface, which then trapped many 
nuclei. 

In our study, by raising the sucrose 
concentration of the homogenate to 
a density just sufficient to float the 
endoplasmic reticulum and mitochon- 
dria, thereby eliminating their accumu- 
lation at the interface, and by raising 
the sucrose concentration of the bot- 
tom layer to 2.3Af, we were able to 
recover more than 90 percent of the 
nuclei with very little cytoplasmic con- 



tamination, as evidenced by electron 
microscopy, and an even lower propor- 
tion of cellular RNA in the nuclear 
fraction (4 to 5 percent). Our proce- 
dure, furthermore, avoids the high dilu- 
tion of homogenate used in both the 
original Chauveau method and the 
modification of Maggio et al. (4). This 
higher concentration of homogenate 
was advantageous in further fractiona- 
tion of the cytoplasmic components, 
that is, free and bound ribosomes (5). 

All experiments were performed with 
male albino rats (weight, 150 to 200 g) 
of the Hokzman strain (6). They were 
housed in a room with controlled 
light from 9:00 a.m. to 9:00 p.m. and 
were fed a 60-percent protein diet 
(7) only during the dark hours every 
other night (that is, they were fasted 
for 36 hours and fed for 12 hours in 
each 48-hour period) (8), This feed- 
ing regimen provides fed and fasted 
animals with known periods. One 
group of rats was killed at 9:00 a.m. 
after feeding, another group at 9:00 
p.m. after a 36-hour fast. The livers 
were removed quickly and chilled im- 
mediately in several volumes of ice- 
cold 0.25M sucrose in TKM (0.05M 
tris-HCl, pH 7.5, at 20°C; 0.025A/ 
KC1; and 0.005M MgQ 2 ). All sub- 
sequent operations were performed at 
temperatures near 0°C. Livers were 
blotted, weighed, and minced with 
scissors in two volumes of ice-cold 
0.25M sucrose in TKM. They were 
homogenized in a Potter-Elvehjem 
homogenizer with a motor-driven Tef- 
lon pesde (clearance 0,025 cm) with 
10 to 15 strokes at 1700 rev/min. 
The homogenate was filtered through 
four layers of cheese cloth. Subsequent 
fractionation of the homogenate is 



described below. RNA was determined 
according to Fleck and Munro (P), 
with the extinction coefficient, E lef *%, 
equal to 312 [32 M g/ml = 1.000 optical 
density unit, according to Munro and 
Fleck (10)] rather than with E lc J% 
equal to 213 (corresponding to 47 
/ig/ ml = 1.000 OD) as given originally 
by Fleck and Munro (P). DNA was 
determined according to the Ceriotti 
procedure (11) with 2.5iV instead of 
concentrated HCI (12) and with heat- 
ing for 20 instead of 10 minutes. Calf 
thymus DNA (13) was used as a stand- 
ard. Nuclear pellets were fixed iri situ, 
that is, at the bottom of the tube, 
for 35 minutes at 0°C and then fixed 
in 1 percent Os0 4 buffered with P0 4 
(14), dehydrated in ethanol and propy- 
lene oxide, and embedded in a mixture 
of Araldite and Epon according to 
standard procedures. Sections were 
stained with lead citrate and viewed in 
a Hitachi electron microscope (HU- 
11B-2). 

In our procedure 1.0 ml of homog- 
enate, prepared as described above, 
was pipetted into a polyallomer tube 
that fit the SW 39 Spinco rotor; 
2.6 ml of 2.3M sucrose in TKM was 
then added by means of a syringe and 
13-gauge needle (rather than with a 
pipette, because of the high viscosity 
of the solution) and thoroughly mixed 
with the 0.25M sucrose homogenate 
by inversion. Sucrose concentration of 
the homogenate was thereby raised 
to approximately 1.62M, the den- 
sity of which as just sufficient to 
float mitochondria and rough en- 
doplasmic reticulum. The mixture was 
then underlaid by 1.0 ml 2.3 M sucrose 
in TKM with a syringe and 13-gauge 
needle: tip of the needle was placed 
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at the bottom of the tube and the 
heavy sucrose solution introduced, forc- 
ing the lighter homogenate upward. 
After centrifugation for 30 minutes at 
39,000 rev/min in a Spinco SW 39 rotor 
(124,000^) at 0° to 4°C, the superna- 
tant was poured off. Material adhering 
to the wall of the tube was removed 
with a spatula and added to the super- 
natant; the tube wall was then wiped 
dry with tissue paper wrapped around 
a spatula. The white nuclear pellet 
was taken up in TKM buffer and 
analyzed for RNA and DNA. 

Data in Table 1 show that 91 ± 3 
percent of DNA in the filtered homog- 
enate was recovered in the nuclear pel- 
let. According to Schneider and Kuff 
(/5), 98.5 percent of DNA of rat liver 
cells is located in the nucleus and 1.5 
percent in the mitochondria. Therefore, 
DNA in the pellet actually represents 
slightly more than 91 percent of nu- 
clear DNA. Only 4.3 percent of the 
total RNA in the filtered homogenate 
was recovered in the nuclear pellet. 
If one assumes that no nuclear RNA 
was extracted during isolation and cor- 
rects for 100 percent recovery of nu- 
clei, nuclear RNA would amount to 
only 4.7 percent of the total cellular 
RNA. Maggio et al. (4) showed that 
no significant amount of nuclear RNA 
can be extracted by buffers of low 
ionic strength (0.1 M phosphate, pH 
7.1). Since the TKM buffer we used 



Table 2. Effect on RNA and DNA content of 
nuclei after washing them with detergents. 
Nuclei isolated from 1.0 ml homogenate were 
resuspended in 2.0 ml of 0.25M sucrose in 
TKM. For each sample, 1.8 ml of this pooled 
solution was mixed with 0.2 ml of buffer or 
detergent as indicated. Samples were centri- 
fuged for 5 minutes at 800;, and pellets were 
analyzed for RNA and DNA 



Nuclei 


DNA 


DNA 


RNA 


RNA 


washed with 


(mg) 


(%) 


(mg) 


(%) 


TKM buffer 


0.953 


100 


0.111 


100 


Triton X-100 










in TKM: 










5% (wt/vol) 


1.018 


107 


.106 


96 


10% (wt/vol) 


0.925 


97 


.104 


93 


20% (wt/vol) 


.994 


99 


.105 


95 


Deoxycholate 
and Tween 40* 










.907 


95 


.103 


93 



• See («). 



was of even lower ionic strength, 
extraction of nuclear RNA by the 
buffer was unlikely. In fact, replac- 
ing TKM by 0.003M CaCl 2 in our 
procedure gave the same quantitative 
relation of nuclear to homogenate 
RNA. The 4.7 ± 0.2 percent nuclear 
RNA we report here is slightly lower 
than the 6 to 7 percent reported by 
Chauveau, which, however, was cal- 
culated from a nuclear yield of only 45 
to 55 percent (2). Ratios of RNA to 
DNA in animals fasted for 36 hours 
were 2.22 ± 0.09 in the total homog- 
enate and 0.108 ± 0.002 in the nu- 
clear pellet; the ratios for fed rats 
were significantly higher for both ho- 



mogenate and nuclei. All values are in 
good agreement with compiled data 
in the literature (/, 16). 

Although most of the nuclei ap- 
peared intact when viewed with a 
phase microscope, the electron micro- 
graphs showed that approximately 50 
percent of them were damaged. This 
partial damage did not seem to cause 
any significant loss of nuclear RNA, 
as shown by experiments with radio- 
active RNA precursors (77). Thirty 
minutes after injection of labeled orotic 
acid in vivo, when most of the radio- 
activity is localized in nuclear RNA, 
it was found that 85 to 90 percent of 
labeled RNA was recovered in nu- 
clei isolated by our method. This is 
good evidence that the method does 
not lead to loss of nuclear RNA. 

Electron micrographs (Fig. 1A) 
show that the isolation procedure does 
not remove the outer nuclear mem- 
brane with its attached ribosomes; the 
latter can be considered as a form 
of cytoplasmic contamination. Penman 
(18) recently demonstrated that the 
outer nuclear membrane of HeLa cell 
nuclei can be completely removed with 
a mixture of deoxycholate and Tween 
40. In our hands, this procedure 
caused a complete fragmentation of 
rat liver nuclei as seen with the elec- 
tron microscope, although only small 
amounts of DNA and RNA were lost 
(Table 2). Triton X-100, however, 



. _ , — — ^ 



Iff ' }'n 




'a mm 



_„|8:kl* Hat liver nuclei m isolated by our procedure and then 
^^IttKW Triton X-100 (5 percent, 
wt/vol) (B), as outlined in Table 2. Preparation for. electron 
affisroi^opy as described in the text. The outer nuclear meni- 
>rane with ribosbmes 4$$ic^^"cw be seen in (A) (arrows) but 
is: ho longer visible in (B) (x 21,000). Electron i xnicro^aphs; 
prepared, from nuclei with higher concentrations of Triton 
X 100 were similar to ihose in (B), Addition of 'deoxyc&olate' 
and Tween 40 disrupted the nuciei. : , . - ' ■ ' . < ; ; ; 
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which had previously been used in 
0.5-percent concentration for isolation 
of nuclei (19), was, in concentrations 
of 0.5 to 2 percent, effective in remov- 
ing the outer nuclear membrane with- 
out further disruption of the nuclei 
(Fig. IB). There was only a small 
(4 to 7 percent) loss of nuclear RNA 
and virtually no loss of DNA (Table 
2). It is not clear whether the loss 
of RNA after treatment with detergent 
can be attributed solely to removal 
of the outer nuclear membrane and 
its attached ribosomes. It is conceiv- 
able that some of the nuclear RNA is 
made soluble by the detergent and no 
longer sediments with the nuclei. Most 
of the nuclear RNA, however, is bound 
by a mechanism which is clearly 
resistant to the tested concentrations 
of Triton X-100. This is distinctly dif- 
ferent from the situation in the. cyto- 
plasm, where 60 percent of the RNA 
(5) is bound to membranes as ribo- 
somes and can be released by 2 per- 
cent Triton solutions. 

Our method avoids use of citric acid 
completely and avoids use of deter- 
gent until the nuclei have been sepa- 
rated from the cytoplasm and thus 
permits further fractionation of the 
cytoplasm, as will be shown else- 
where (5). Removal of traces of the 
endoplasmic reticulum from nuclei by 
means of Triton X-100 can be carried 
out optionally, and further studies on 
the advantages or disadvantages in 
each specific application may be neces- 
sary. 

Gi/NTER BLOBEL 

Van R. Potter 

McArdle Laboratory, 
University of Wisconsin, 
Madison 
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Interaction of the Water-Soluble Carcinogen 
4-Nitroquinoline N-Oxide with DNA 

Abstract. Thin-layer chromatography revealed that 4-nitroquinoline N-oxide 
interacts with native DNA, but not with denatured DNA's or the. following 
macromolecules and nucleic acid derivatives: soluble RNA from Escherichia coli 
and from yeast, poly guanylate-cy tidy late, and precursors of DNA and RNA. 
Polydeoxyadenylate-thymidylate, poly adenylate, and histone interacted to a lesser 
degree than native DNA's did. That magnesium ion, sodium ion, and proflavine 
did not interfere with interaction of carcinogen and DNA suggests that this inter- 
action is not an intercalation. Interaction of 4-nitroquinoline N-oxide with DNA 
may be related to its carcinogenicity. 



Proximate derivatives of such carcin- 
ogens as the amino-azo dyes, amino- 
fluorenes (and perhaps of the naphthyl- 
amines and polycyclic benzenoid hy- 
drocarbons) are usually more polar 
than the parent carcinogens (7). This 
increases interest in the polar, water- 
soluble carcinogen 4-nitroquinoline N- 
oxide (NQO) (Fig. la) as a model com- 
pound for investigating the carcinogen- 
ic process (2). It has recently been sug- 
gested that a reduced form of NQO, 
4-hydroxyaminoquinolme Af-oxide, may 
be the proximate form of this carcin- 
ogen (5). 

The manifold carcinogenicity of 
NQO rivals that of the most potent 
polycyclic hydrocarbons (4). Its carci- 
nogenic properties are expressed after 
its administration by skin painting, in- 
gestion, or various routes of injection 
(5). It is carcinostatic and also muta- 
genic for bacteria and yeast (6). In 
Chang liver cells and in the proto- 
zoan Tetrahymena pyriformis, NQO 
elicits visible intranuclear inclusion 
bodies (7), sharing with mitomycin 
C an ability to induce nucleolar caps 
(8). It also bleaches Euglena, induces 
chromosomal aberrations in Yoshida 
sarcoma cells, and diminishes uptake 
of 82 P into nucleic acid fractions of 
the Ehrlich ascites carcinoma (9). We 
therefore studied the interaction of 
NQO with total extracted Euglena 
DNA as well as with DNA from other 
sources. The choice of Euglena DNA 
might, moreover, permit insight into the 
bleaching process because of its rela- 
tion to the autonomy of organelles, 



such as the chioroplast, whose DNA's 
differ from nuclear DNA's (10). Our 
results show that NQO does interact 
with native DNA from Euglena and 
other sources. 

The spectrum of NQO (Fig. lb) has 
a sharp peak at 250 trip and a broad 
peak at 370 m/x. The overlapping spec- 
tra of NQO and DNA at 250 m^ pre- 
clude accurate spectrophotometry anal- 
ysis at this wavelength. Use of the peak 
at 370 m/x as an . index of binding is 
not a conclusive means of demonstrat- 
ing interaction between NQO and 
either DNA or RNA (77). To sur- 
mount the problem posed by over- 
lapping spectra, we used thin-layer chro- 
matography (TLC): Eastman Chroma- 
grams with distilled water or a mix- 
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Fig. 1. (a) Structure of 4-nitroquinoline 
JV-oxide, molecular weight 191.1. (b) Ab- 
sorption spectrum of NQO in 0.1 times 
SSC buffer, pH 7.2, 8.1 /ig/ml. 
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